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Abstract 
3R stands for the concept of reduction, reuse and recycling. How can the 3R concept include the sustainability of educational innovation and 
entrepreneurship for students at Universiti Kebangsaan Malaysia (UKM)? This paper examines how the components of sustainability and 
entrepreneurship can present an advantage for higher education institutions by focusing on a case study of UKM’s operation of a recycling 
center that is fully run by students at the graduate and undergraduate levels. Problems and constraints in terms of operating the recycling 
center can be resolved with the involvement of the students and the support of UKM’s Development and Maintenance Department, which is 
responsible for solid waste management at UKM and can provide guidance in the form of entrepreneurial knowledge. The UKM recycling 
center began operating in May 2011 as a result of a research and strategic action grant (UKM-PTS-096-2010) and through research 
cooperation with Alam Flora Sdn Bhd. This context is consistent with the requirements of the National Accreditation Board for the 
achievement of learning outcomes for program sustainability and entrepreneurship education at the university. The students involved are 
from various educational disciplines through cooperation between the Faculty of Engineering & Built Environment and the Centre for 
General Studies UKM. 
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1. Introduction 
“Involve yourself in business activities because in it there are nine-tenths of livelihood”. This teaching in Islam demands 
that a worshipper should seek a blessed livelihood. According to Ab. Mumin [1], entrepreneurship or business is an optional 
field in Islam, especially in Islam’s early history. The Prophet Muhammad S.A.W was living proof that entrepreneurship is a 
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strategic career that must be appreciated by Muslims. Ab. Mumin’s [1] definition of entrepreneurship is the process of 
designing new things with effort and time. It involves financial, physical and social risks to gain monetary reward, satisfaction 
and freedom. Making a profit is not the main goal. Business has its own value: not only to gain money but also to allow 
Muslims to be close to Allah. The literature review of Mohd Nizho and Mohd Shukri [2] on  business ethics from an Islamic 
perspective shows many verses in the Al Quran that address business ethics and laws to ensure that people involved in this 
area can avoid wickedness and can illuminate  admirable qualities instead of fighting, strife, conflict, oppression and 
dissatisfaction in business. 
Unemployment may not allow graduates to establish a good career in their respective fields, but it is the responsibility of 
graduates to avoid limiting the opportunities available to them. Graduates can discover opportunities in entrepreneurship 
without depending on job opportunities in their respective fields of study. Are graduates prepared with necessary 
entrepreneurship knowledge? The Ministry of Higher Education has given extra attention to entrepreneurship in higher 
learning as a catalyst for the National Transformation agenda by encouraging entrepreneurship education through formal or 
informal courses at higher education institutions, regardless of the field of study. Entrepreneurship complements innovation 
and is a transformative research process that produces innovative business activities that can increase profits and value. This 
process is wasted if innovation remains only innovation. Mohamed Khalid [3] said that establishing an entrepreneurship 
culture among younger generations through a national education system and religious studies is a prerequisite for Muslims to 
develop strength in economics and business. 
Siti Hawa’s [4] research on entrepreneurship tendencies among engineering students in Higher Learning Institutions in 
Northern Peninsular Malaysia found that most of these students have a tendency toward entrepreneurship. If they receive 
support, encouragement and exposure, there is a greater possibility for them to become entrepreneurs after graduation. Nor 
Aishah Buang’s [5] research suggested the need for formal entrepreneurship education for UKM’s students, especially in the 
Engineering and Built Environment Faculty and the Education Faculty, and suggested that formal entrepreneurship education 
can encourage students from both faculties to consider a career in entrepreneurship. Beginning in 2011, first-year Engineering 
and Built Environment students at UKM were introduced to a two-credit entrepreneurship course in their second semester, 
which is known as The Basics of Entrepreneurship and Innovation and is conducted by the Centre for Entrepreneurship and 
SME Development (CESMED). The components of innovation and creativity are prioritized in the engineering teaching and 
learning process. Unfortunately, no formal courses focus on innovation and creativity in the Engineering and Built 
Environment Faculty. A study was conducted by Afida Ayob et al [6] to assess the creativity of Electrical and Electronics 
Engineering students using the Torrance Test for Creative Thinking. The test was given to students who represented UKM in a 
national competition on robot design. The results indicated that more than half of the students had above-average levels of 
creativity. Research by Jaafar et al [7] on students’ creativity in solving problems such as mechanical engineering design 
projects showed that students failed to provide thoughtful and creative ideas for these projects. The lack of a formal course that 
teaches creativity may be a barrier for students to develop their cognitive levels of creativity. 
Given the importance of innovation, entrepreneurship and sustainable education, students should be involved in the process 
of teaching and learning at UKM and in research on UKM’s recycling center activities, encouraging them to combine 
components of sustainability and entrepreneurship with a focus on 3R innovation via UKM’s recycling center operations. The 
combination of research and teaching has benefits that will improve the teaching and learning process. The involvement of 
Alam Flora Sdn Bhd, Centre for Entrepreneurship and SMEs Development (CESMED), and the Department of Development 
& Maintenance UKM have been very helpful. This paper will discuss the combination of 3R innovation and sustainable 
entrepreneurship education. Papers that have examined sustainable education with a focus on environmental components in 
the teaching and learning process include [8-11] which can be used in the educational process. These studies do not involve 
students’ innovation and creativity but focus on improvements to the teaching and learning process for national educational 
transformation.  
2. Innovation In Engineering Education 
Few definitions of innovation have been provided. Innovation is the tendency toward new transformations or changes to 
produce something better than before; for example, to obtain effective costs, time savings and workforce reduction. Innovation 
and creativity have many benefits. Zaini’s (2010) book about the culture of innovation for new economic models defines 
cultural innovation as the willingness to change and to try new ideas to gain prosperity, peace, comfort and sustainability 
through creative solutions. He suggests that new ideas are part of creativity. Innovation leading to improvements and 
adaptations to the thought, idea or concept available to provide new added value that can be used, exploited, used as a basis 
and a more productive basis for the commercialization of products and services. What is engineering innovation? Ferguson et 
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al [12] have linked the behavior of innovative engineers with creative behavior, including problem-solving abilities, design 
and entrepreneurship. He also discusses the combination of extrinsic capabilities (skills, knowledge, personality, or character) 
and domain knowledge, experience and other extrinsic factors that can inspire engineers to create innovations for the benefit of 
society.  
Innovation in engineering education has proven to be successful through the commercialization stage. Students from the 
Electrical and Electronic Engineering Department, Faculty of Engineering and Built Environment, UKM who have 
demonstrated their innovative development of green technology and power conservation through the use of intelligent systems 
are able to obtain copyright protection and commercialization. Liebenberg and Mathews [13] examined first-year engineering 
courses at the University of Pretoria, South Africa, which were redeveloped to incorporate innovation and entrepreneurship. 
Courses in design, building and innovation require students to solve problems effectively in a group, to consider the need for 
copyright for the project and to prepare a business plan. The students also engage in competition at the university level and the 
national level. These students’ work has been successfully patented and has led to the development of small-scale companies. 
Radharamanan and Juang [14] emphasized the need for entrepreneurship and innovation in engineering education at the 
Mercer University School of Engineering in the United States through a tabletop design project involving retrofitting the CNC 
Lathe. Duval-Couetil et al [15] reported on a survey of 501 senior engineering students from three universities who had 
attended the Capstone design courses entrepreneurship program. They found that more than two-thirds of these students 
choose careers in large and medium-sized companies after graduation, and the same amount of students feel that 
entrepreneurship education provides more opportunities and career choices. Students who have taken one or more 
entrepreneurship courses have higher levels of entrepreneurial ability. Thus, entrepreneurship courses through formal or 
informal engineering education can provide a wide range of career choices for graduating students. 
How can the process of teaching and learning about innovation be achieved, and what methods can be used? Sandberg and 
Ohman [16] discuss a framework for learning model innovation (theoretical and practical) that includes the main components 
of product development innovation/ideas/business; information; marketing finance/consulting/contracts and copyright 
protection. These authors suggest that learning occurs through experience; students need to experience these situations to 
produce creative innovations that arise from these problems. 
Zaini’s (2010) examination of the question of sustainable key innovations in the September 2009 edition of the Harvard 
Business Review argued that sustainability is a universal need not only to ensure that the environment is protected but also to 
allow more stable economic growth for human needs. Indicators of success include data and statistical economic reports as 
well as the ability to create culture, values and an environmentally friendly society. Environmental sustainability should be 
included in engineering education on innovation. Zaini (2009) examined the RM1 billion transactions related to solid waste, 
focusing on the high cost necessary to manage this waste. He suggested that it is appropriate to classify solid waste as a source 
so that potential resources can be evaluated and used depending on the nature and amount of the content. Providing 
engineering, science innovation and entrepreneurship to these sources can reduce management costs. The Law of Solid Waste 
Management and Public Cleansing is expected to be implemented in September 2012 to provide for entrepreneurial innovation 
recycling. 
3. Entrepreneurship Innovation And 3r Sustainability: Ukm’s Recycling Center 
Many new ideas can be triggered through the platform at hand, driven by the desire and need for research that can be 
utilized by all. An array of problems arising from recycling activities require innovative and creative solutions that involve 
various areas of research (Figure 1). 
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Fig. 1: Innovative solutions to recycling problems 
 
The problems of UKM’s Recycling Center operations help students understand how participation can help and how the 
teaching and learning process can continue as normal. Figure 2 shows the combination of innovation, sustainability and 
entrepreneurship that is beneficial to research and teaching at UKM. The initial phases of this project are the establishment of 
a company and the improvement of the recycling center’s management through the involvement of students. 
A company known as Megagreen Solutions has been established by five master’s students from the Faculty of Engineering 
and Built Environment UKM who are involved in solid waste management research projects and educational research on 3R 
entrepreneurial activities in UKM’s Recycling Centre. Mentors to these students include five lecturers from the Faculty of 
Engineering and Built Environment, Faculty of Economics and Business Administration, the Centre for General Studies and 
the Institute for Environment and Sustainable Development (Lestari). Furthermore, the Centre for Entrepreneurship and SME 
Development (CESMED) and the Department of Development & Maintenance UKM have offered their full cooperation for 
the success of this entrepreneurial project. These groups of students have produced a business plan, created a marketing 
strategy and produced research on 3R business opportunities. Their business strategy involves not only the sale of recyclables 
but also additional opportunities by providing a sustainable consultation service and sustainability education training modules 
for schools. The management of UKM’s Recycling Center was initiated by these groups of students in January 2012, and the 
number of customers and recyclables has increased since then.  
 
 
 
 
 
 
 
 
Fig. 2: The benefits of innovation, sustainability and entrepreneurship in UKM’s recycling center 
To provide exposure and experience in solid waste management to undergraduate students, the authors, together with the 
zero waste research groups and the Megagreen solution, have developed UKM’s Recycling Center operational program for 
Year 1 students from various faculties who have taken the general university self-development course, ZT1062. The 
involvement of students in this course is one of the initiatives to promote UKM’s Recycling Center and is part of the first 
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phase of the entrepreneurial project by students at UKM’s Recycling Center. This course meets the requirements for teaching 
students communication and concern for the environment. Students in ZT1062 use creativity and innovation when they attend 
workshops and carnivals, present activity reports and perform activities in the following areas: 
• Survey: To what extent do UKM’s communities know about UKM’s Recycling Centre operation and its involvement 
in recycling activities? 
• Marketing: Find ways to effectively promote and publicize UKM’s Recycling Centre.  
• UKM offices paper collection: Collect papers produced by the offices. Students record the quantities, collection 
types, locations, dates and problems arising from this collection.  
• Attending environmental awareness workshops: students creatively present the results of their activities. 
• Zero-waste carnival and better green runs provide opportunities to publicize UKM’s Recycling Center. 
• “Cherish the Environment Bestowed by the Creator” workshop helps students to be thankful and appreciate the 
nature given by God. 
A review suggests that the involvement of residential students must also be considered in recycling activities. Therefore, 
efforts are underway to locate a mini recycling center in the residential colleges. The results of programs conducted by 
students have shown improvements in the quantity of recyclables and the number of customers. The average percentage of 
recyclables has increased from 2.15% in 2011 to 6.08% in May 2012, and the average number of customers sending 
recyclables has increased from 5 people per week to 10 people per week. This is an early indication of the effectiveness of 
UKM’s Recycling Centre in terms of the quantity of collections and operating times (Monday to Wednesday, 9:30 am to 5:30 
pm). 
 
4. Conclusion 
Entrepreneurship education allows students to diversify their career choices in a number of ways, including engineering. 
Innovation, sustainability and 3R entrepreneurship through the operations of UKM’s Recycling Center are the initial phases of 
the effort to provide opportunities and space for entrepreneurship and sustainability education for UKM’s students. 
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